Study Objectives: Musculoskeletal pain is a major burden on the society. Adults with sleep problems are at higher risk of musculoskeletal pain onset, but there is no evidence for this relationship in children and adolescents. This study aimed to systematically review prospective studies on the risk of musculoskeletal pain onset in children and adolescents with sleep problems. Methods: Five databases (MEDLINE, PsycINFO, AMED, EMBASE, and HMIC) were systematically searched to identify prospective studies that investigated if children and adolescents (aged 6-19 years) with sleep problems are at higher risk of musculoskeletal pain onset. Included studies were assessed for study quality and a best evidence synthesis was carried out on extracted data. Results: Thirteen prospective studies were identified. Overall, evidence indicates that sleep problems (quality, quantity, and day time tiredness) are not risk factors for musculoskeletal pain onset. Further analysis on specific body regions shows strong evidence that sleep problems are a risk factor for neck pain onset (only in girls) and that sleep problems are not a risk factor for the onset of widespread pain. Conclusions: Overall, sleep problems are not a risk factor for musculoskeletal pain onset in children and adolescents. Increased risk was found for some specific body regions and subgroups, but the evidence base was less strong and generally inconsistent. This review found a lack of quality in research methodology compared to research in adults, and further research with improved methodology is required.
INTRODUCTION
Musculoskeletal pain is a major concern worldwide. In developed countries, the proportion of the global disability-adjusted life years due to musculoskeletal pain is 13%, 1 and musculoskeletal conditions rank first, fourth, and sixth among the top 10 diseases in terms of global years lived with disability. 2 Musculoskeletal conditions have a significant economic burden, with the mean cost of chronic pain estimated at $560-635 billion in the United States (2010 figures) 3 and 3-10% of gross domestic product in Europe in 2008. 4 Consequences of musculoskeletal pain include psychological distress, disability, limitation of activities, limitation in social participation, and burden on the family. 5, 6 Individuals who experience musculoskeletal pain during adolescence are more likely to have musculoskeletal pain in adulthood. [7] [8] [9] [10] Studies investigating the course of pain over time report that lifelong patterns of musculoskeletal pain that can appear stable and unchanging in adulthood may begin in childhood. 11, 12 However, to date, research on the epidemiology of musculoskeletal conditions has focused mainly on adult populations, 11, [13] [14] [15] which are likely to identify risk factors for new episodes of musculoskeletal pain (often confounded by the experience of previous pain) rather than true risk factors for the first initial onset of musculoskeletal pain. Gaining knowledge of the factors predictive of musculoskeletal pain in childhood is important, as such knowledge could provide information on potential targets for intervention to prevent or reduce risk for child musculoskeletal pain onset and potentially avert or alter the trajectory of long-term painful musculoskeletal conditions among adults. One specific area with growing research interest and evidence from research on adults with musculoskeletal pain is the role of sleep, more specifically sleep problems (quality, quantity, resulting day time tiredness), as both a risk factor and a prognostic factor. 16 Recent reviews, both in adult and in child populations, show that sleep problems are common in those with pain 16, 17 and that in adults sleep problems are more likely to precede pain (risk of new episodes of pain) in contrast to pain as a predictor of sleep problems. 16 Previous systematic reviews [18] [19] [20] [21] [22] [23] on risk factors for musculoskeletal pain onset in children and adolescents have been carried out but have not yet considered the potential role of sleep problems as a risk factor for musculoskeletal pain onset in these populations. The aim of this systematic review is to evaluate evidence from prospective studies that investigated if children and adolescents with sleep problems are at higher risk for the onset of musculoskeletal pain.
METHODS

Selection of the Literature
A systematic search of the literature was carried out by one reviewer (AA) with the support of another reviewer (PC). Two approaches were used to search the literature. A broad search was carried out on risk factors for musculoskeletal pain onset in general in order to retrieve articles that may report data on sleep, where sleep was not the main focus of the study. A more specific search was also carried out using appropriate sleep terms to increase specificity. Databases were searched from inception to
Statement of Significance
Musculoskeletal pain is a major burden on the society, and there is a need to identify risk factors for the onset of musculoskeletal pain. Research carried out in adults has shown a link between sleep problems and the onset of musculoskeletal pain, but evidence is lacking about this relationship in younger populations. This is the first systematic review that has summarized prospective studies on the risk between sleep problems and the onset of musculoskeletal pain in children and adolescents. Our findings show that sleep problems are not risk factors for musculoskeletal pain onset in children and adolescents, although further analysis did reveal subgroups at some increased risk. Further research is now required to understand why particular subgroups are at increased risk.
the November 8, 2016. The following databases were searched through the OVID and NSH HDAS interfaces: Medline, PsycINFO, Allied and Complementary Medicine Database (AMED), Excerpta Medica dataBASE (EMBASE), and Health Management Information Consortium (HMIC). A combination of key words for each database (see Appendix 1) was used to retrieve the articles. Key words were identified by the principal investigator (AA) after consulting similar systematic reviews and discussion with other reviewers (PC and KD). An additional search was employed by consulting local experts (eg, accessing and searching personal databases of senior colleagues within the Research Institute and contacting other research experts within the field of childhood musculoskeletal pain) as well as consulting previous relevant reviews in adult populations.
Inclusion/Exclusion Criteria
Studies had to report data on musculoskeletal pain presence as the outcome and use a prospective design conducted in general population, school or primary care settings, in order to retrieve results that were generalizable to the overall population. Studies had to include individuals aged 6-19 years; this age criteria was chosen, as the age of 6 has been reported to be the starting point for children to use the word "pain," and age 19 is defined by the World Health Organization as the start of adulthood. [24] [25] [26] Articles were considered regardless of the language and date of publication in order to minimize publication bias. Studies were not included if they had a sample size ≤30, as they provide unreliable risk estimates, and studies were not included if they did not report separate data on children or adolescents. Randomized controlled trials (RCTs) were excluded as their focus is on intervention not observation, and RCTs often employ more stringent selection criteria which can compromise generalizability. Studies of populations with specific diseases or conditions where pain is assessed and reported but is a result of the disease or underlying condition (eg, cancer pain) were also excluded as well as studies where translation was not possible.
Selection Process
All the titles and abstracts of articles identified through the search process were checked to include potentially relevant studies by two authors of the review team (AA and PC). The two authors randomly checked 20% of each other's assigned titles and abstract to ensure reliability; similar checks were also carried out on the full-text articles. In the case of disagreement or inconsistency between reviewers for inclusion of an article, the third reviewer (KD) was consulted and consensus achieved.
Data Extraction
Data were extracted by the first reviewer (AA) using a standardized data extraction form (Appendix 2). Random samples of 20% of the full texts were cross-checked by the second reviewer (PC) in order to assess consistency in the extraction process, and any disagreements were resolved through discussion and consultation with the third reviewer (KD).
Quality Assessment
The assessment of study quality was carried out using a structured assessment tool. This tool was chosen based on previous systematic reviews with a similar focus to this current review (prospective studies, focus on musculoskeletal pain as outcome 27, 28 ). The tool reports on 15 items relative to both internal and external validity. 27, 28 Each item was assessed to check if the criteria was met or not and a score was given (Table 1 ). This enabled the classification of articles according to methodological quality and to weigh the results of the studies (best evidence synthesis). Each item was scored positive (+) if present and a point awarded, negative (-) if absent (no point was given), or (na) if not applicable (no point was given). It follows that the highest possible score was 15. For ease of interpretation, the quality of the articles was rated in three categories: "high" (11-15 items); "moderate" (6-10 items), and "low" (1-5 or no items).
Analysis of Risk
For each finding, three possible effects were reported: significant effect (+, if significant effect reported), no effect (x, no significant effect present), mixed (#, where significant and nonsignificant effects are reported for the same body site, eg, stratified analysis on gender where an effect is reported for males but not females or different levels of exposure, eg, mixed findings from low, medium, and high levels of sleep problems). Each effect was counted within an overall assessment of risk on onset of musculoskeletal pain (ie, all findings from all body sites). Secondary analysis was carried out stratified by body pain sites reported (back pain, neck pain, shoulder pain, general musculoskeletal pain, and widespread pain). A level of evidence approach was used for the analysis (see Table 2 ) where the combined evidence is assessed in terms of the direction of effect and the quality of each individual study. 29, 30 The levels of evidence analysis applies greater weighting to those findings of high quality. As Table 2 outlines, strength of evidence is determined by the consistency of direction of findings and study quality. Evidence of risk was explored across all body sites to give an overall estimation of consistency and then for each body site in turn. The risk for the onset of musculoskeletal pain was reported using definitive categories of sleep problems retrieved from the review data (sleep quality, sleep quantity, and day time tiredness). Information on effect size (eg, odds ratio and relative risk) was reported if presented in the results of each article.
RESULTS
Study Selection
The broad electronic search (all risk factors regardless of type) yielded a total of 35 167 references. After screening of titles and abstracts, 156 full-text articles were assessed for eligibility, of which 145 were excluded because they did not meet the inclusion criteria (see Appendix 3). Finally, 11 studies met the eligibility criteria and were included. The second specific search (using specific sleep terms) yielded 3065 references. After screening of titles and abstracts, 10 full-text articles were assessed for eligibility, of which eight were excluded because they did not meet the inclusion criteria and two articles selected for inclusion. These two searches led to the inclusion of 13 articles overall ( Figure 1 ). Seven articles were identified in both searches, four were identified from the broad search, and two within the specific sleep term search. Table 3 describes the quality and characteristics of the included studies. Overall, 8 (62%) articles of 13 were defined as high quality and 5 (38%) as medium quality; no studies were included in the low-quality criteria. Included studies were from six different countries with a total population of 18 888 (range from 191 to 4161 individuals). The samples were recruited from schools or school settings in six studies, from the general population in six articles, and from a primary care/hospital interface setting in one study. Some cohorts were reported in more Table 2 -Levels of evidence for association of risk factors for musculoskeletal pain onset in children and adolescents. than one article. Three studies were drawn from the Northern Finland Birth Cohort, [31] [32] [33] while four studies were drawn from a cohort in southern Finland.
Quality and Characteristics of the Studies
Level of evidence
Strong
34-37
Evidence
Sleep Quality
Overall, 10 findings were reported, with 2 findings 34, 38 showing that children with poor sleep quality are significantly at higher risk (both findings in the direction of poor sleep quality predictive of musculoskeletal pain), one finding 31 showing mixed evidence, and seven findings 31, [35] [36] [37] 39, 40 showing no significant higher risk (please see Table 4 for a full description of effect sizes). When considering only high-quality evidence, similar rates are found (high-quality findings; two studies 34,38 reported significant higher risk, one study 31 mixed, and five findings 31, [35] [36] [37] no higher risk). Overall, this indicates a trend toward strong evidence of no effect of poor sleep quality as a risk factor for the onset of musculoskeletal pain. Further inspection at each body site was carried out. For back pain onset, there were two nonsignificant effect, one from a medium-quality study 39 and one from a high-quality study, 31 resulting in a moderate evidence of no higher risk. For neck pain onset, the findings shows one mixed 31 and one significant effect, 34 resulting in strong evidence that girls with low sleep quality are at higher risk of neck pain onset but inconsistent evidence of risk in boys. Shoulder pain shows a nonsignificant effect in one high-quality study, 31 indicating weak evidence of no higher risk. For general musculoskeletal pain onset, there are two findings (one high quality). Both report no significant effects. In the high-quality study, 37 no one of the ORs provided was significant, and the medium-quality study 40 reported no statistically significant difference in the sleep quality score between children with new-onset pain and healthy children. This resulted in a moderate evidence of no risk of musculoskeletal pain onset in children with low sleep quality. For widespread pain onset, three high-quality findings are reported. While one study 38 reported significant findings, two studies 35, 36 reported no significant effects indicating inconclusive evidence.
Sleep Quantity
Overall, eight findings were reported with two of those findings 7, 41 (medium quality) showing a significant effect (both findings in the direction of low sleep quantity predictive of musculoskeletal pain), two 31, 32 (high quality) showing mixed evidence, and four 31, 33, 38 (one medium and three high quality) showing no significant effect (please see Table 5 for a full description of effect sizes). This indicates inconsistent evidence, although considering only high-quality evidence suggests a trend toward no higher risk for musculoskeletal pain onset in children with low sleep quantity. Inspection at each body site revealed that for back pain onset, two study findings, one medium quality, 7 indicating a significant effect and one high quality 31 reporting a mixed effect. Closer inspection of this mixed result showed no higher risk in girls but higher risk in boys (albeit within only one sleep quantity category). Overall, this indicates inconsistent evidence for the effect of sleep quantity on back pain onset. Both neck pain onset and shoulder pain onset show no significant higher risk from one Abbreviation: N/A, Analysis on subjects who responded to both baseline and follow-up questionnaires.
high-quality study 31 indicating weak evidence of no higher risk. Two findings are reported for general musculoskeletal pain onset, with one high-quality study 32 reporting mixed findings and one medium-quality 41 study reporting a significant effect. This indicates a moderate evidence of higher risk in boys but inconsistent evidence in girls. For widespread pain, two studies (one high quality 38 and one medium quality 33 ) report no significant higher risk, indicating moderate evidence that sleep quantity is not a risk factor for onset of widespread pain.
Daytime Tiredness
Of eight findings, two 34, 37 (high quality) report a significant effect (both findings in the direction of daytime tiredness predictive of musculoskeletal pain), three 31 (high quality) report mixed effects, and three 36, 39, 42 (two high quality) report no significant effect indicating inconsistency, with a similar conclusion if only high-quality evidence is considered (please see Table 6 for a full description of effect sizes). Examination by body site revealed one high-quality 31 study reporting mixed evidence and one medium-quality 39 study reporting no effect for back pain onset. This indicates a moderate evidence that boys with daytime tiredness are not at higher risk of back pain onset but an inconsistent evidence in girls. Similarly, for neck pain, one high-quality study 34 found a significant effect and one high-quality study 31 reported mixed effects. This indicates strong evidence that girls with daytime tiredness are at higher risk for neck pain onset but inconsistent evidence in boys. For widespread pain, two findings 36, 42 (high quality) report that children with day time tiredness are not at higher risk for widespread pain onset, indicating strong evidence of no risk. Evidence is inconclusive for shoulder pain, as there is only one (high quality) mixed finding. 31 For general musculoskeletal pain onset, there is weak evidence (one high quality finding 37 ) that children with day time tiredness are at higher risk of onset.
DISCUSSION
This is the first systematic review that has synthesized evidence on the risk for the onset of musculoskeletal pain in children +, significant effect; x, no effect; #, mixed effect OR, Odds Ratios, All the Odds Ratios provided are for adjusted analysis; 95% CI, 95% Confidence Interval. a Numbers in the table represent the study reference numbers. Numbers in bold represent the studies of high quality. and adolescents with sleep problems (quality and quantity) or daytime tiredness. The main finding of this review is that sleep quality, sleep quantity, and daytime tiredness are not risk factors for the onset of musculoskeletal pain in children or adolescents. Further analysis at each body site revealed similar trends of no effect or inconsistent results, although some mixed findings suggest some risk for particular body regions (eg, neck pain onset) dependent on gender.
Comparison With Existing Literature
Findings from this review are in contrast with those reported in adult populations. A recent review 16 has investigated the prospective and experimental research on the relationship between sleep and pain. Within that, review findings from two prospective studies conducted in adult populations are reported, and both studies show that individuals with sleep problems were at higher risk of developing fibromyalgia 43 or chronic (both widespread and regional) musculoskeletal pain 44 at follow-up. The results from adult population studies oppose the findings within this current review, which suggest no or little risk for children and adolescents. Examination of the literature on adults does shows that most reported evidence of risk are for chronic musculoskeletal outcomes or for widespread pain, which is suggestive of a higher level of pain severity or severity threshold (ie, chronic pain samples and those with widespread pain often report higher levels of pain severity 45 ), and second outcomes such as chronic pain may include populations where pain was present before the measurement of outcome and therefore potentially enable a reciprocal relationship between sleep and pain. 46, 47 Taking a wider epidemiological view, there is estimations of 75-80% lifetime prevalence of musculoskeletal pain in adult populations, 48 and therefore it may be difficult to assert within those populations that this would be their first ever experience of musculoskeletal pain, as they may have experienced musculoskeletal pain before. If this is the case, the well-reported reciprocal effects between sleep and pain (once both are established) may partly explain effects within adults. 16, 48 For example, evidence suggests that potential changes to dopaminergic and opiodergic signaling can occur in the presence of sleep and pain, which may then influence subsequent pain episodes. 16 This potential difference in case mix may explain the difference in the results found in children and adolescents (who generally would be less likely than adults to have already experienced musculoskeletal pain). Prospective studies carried out within adult populations have shown that individuals with sleep problems were still at higher risk for the onset of chronic Abbreviations: +, significant effect; x, no effect; #, mixed effect; OR, Odds Ratios. All the Odds Ratios provided are for adjusted analysis; 95% CI, 95% Confidence Interval. a Numbers in the table represent the study reference numbers. Numbers in bold represent the studies of high quality.
musculoskeletal pain after adjustment for baseline pain. 5, 49 This may suggest that previous reciprocal relationships between sleep and pain are not factors in new onset but perhaps factors for persistence. This viewpoint on the influence of sleep on pain persistence highlights an important limitation within the current literature in this area, namely, the need to measure the relationship between pain and sleep more frequently. Findings of adult research, investigating the day-to-day relationship between sleep and pain, show that sleep is a reliable predictor of subsequent pain, but presleep pain has less of an effect and that there is variation in pain severity on a day-to-day basis. 50 At present, it is not clear whether we can understand the relationships between pain and sleep in children and adolescents in a "like for like" comparison to findings in the adult literature, until similar sophisticated measurement and study quality is obtained (eg, frequent measurement stages, objective measures such as polysomnography, actigraphy, 51 or sleep diaries 50 ).
Analysis of Study Heterogeneity
The overall trend found within this review is that there is no effect of sleep problems on musculoskeletal pain onset. However, some inconsistencies and opposing results are reported when examining different pain sites, and heterogeneity may explain some of this variation. Different measures were used for both exposure and outcome between studies (See Table 7 ), and this made comparison between studies complex. For example, in one 34 of the two studies that reported a significant finding between low sleep quality and daytime tiredness and the onset of neck pain, sleep quality and daytime tiredness were part of a variable that also included other physical and psychological symptoms. Therefore, the effect reported may also be attributable to the other symptoms included in the variable, and this limits the strength of this finding somewhat. Also, in one 41 of the two studies that provided moderate evidence of risk for the onset of general musculoskeletal pain in children with low sleep quantity, the measure of pain also included abdominal pain, headaches and/or pains in other parts of the body occurring at least weekly. This highlights the difficulty in the ability to distinguish musculoskeletal pain from other type of pain with this measure, which may have potentially influenced the reported evidence of risk.
Strengths and Weaknesses of the Study
Five databases were systematically searched without any language or time restrictions to encompass the widest range of literature. Also, the use of a broad search (nonrestrictive search without specific sleep search terms) and a more specific search enabled the identification of additional literature (four articles were identified in the broad search, two in the specific search, and seven in both searches). Another strength is the focus solely on studies employing prospective designs. This produces the best evidence, as it provides estimates of incidence, enables the assessment of temporal sequence between exposure and the outcome, and avoids recall bias that may occur with retrospective or case-control studies. 52 The review also incorporated the use of levels of evidence, basing conclusions not only on results presented but also on the quality of studies to account for the potential effect of bias. However, it is recognized that use of total score for study quality can be overly blunt, and does not account for key elements of bias within each study (eg, response rate), and we have attempted to overcome these issues where possible. For example, two studies had a dropout rate of over 20%, which may raise the possibility of bias from loss to follow-up. However, in one of these studies, sensitivity analyses were carried out to compare the baseline characteristics of the participants who dropped out the study to those who completed the study and results commented. 34 There are some limitations. First, no one study used objective measures of sleep (eg, polysomnography and actigraphy), 51 which may have provided more accurate results, and the variation in definitions used for both the exposure and musculoskeletal pain outcome in the included studies limited the comparison and analysis. Second, some flaws were present in the design of the studies. In one study, 38 pain was only measured at follow-up, thus limiting the inference of causality. In another study, 40 the group with new-onset musculoskeletal pain consisted of children presenting to emergency medicine, and this may have represented a more severe cohort. Third, identified studies were predominantly from developed countries (ie, no studies from South America, Africa, or Asia were retrieved), so the results may be not generalizable to different social/cultural environments. Studies that do not find evidence of risk and papers in a language other than English are less likely to be published or be within the databases searched (gray literature). While we translated three papers produced in German, which did not meet the inclusion criteria, we were unable to translate six additional papers (one paper in Swedish, one paper in Norwegian, one paper in Czech, one paper in Finnish, and two papers in Chinese) and so they were excluded. Although the reference lists of the included papers were searched, other alternative sources such as registers for unpublished studies and PhD thesis were not explored. Therefore, publication bias is a possible limitation (although no language restrictions were applied). Finally, due to the heterogeneity in both exposure and outcome measure (see Table 7) , it was not possible to perform a meta-analysis, which would have provided an accurate estimate of the effect of sleep problems on the onset of musculoskeletal pain.
Implications for Clinical Practice and Future Research
This systematic review provides evidence that children and adolescents with sleep problems are not at higher risk for the onset of musculoskeletal pain. These findings are opposed to the findings within the adult population literature, and this article argues that a potential reason is that in adults there may be an already established sleep-pain relationship due to prior experience of pain or that alternatively such findings are due to the measures and populations used within the studies. Therefore, while this article would not recommend routine screenings of sleep problems in children/adolescents as a way of identifying at risk individuals, it may be important to monitor children with both pain and sleep problems as once both are established may make treatment more challenging. This review does report some subgroups more at risk of developing musculoskeletal pain (eg, girls with low sleep quality and daytime tiredness more at risk of the onset of neck pain). This paper recommends more research on at risk subgroups to understand potential mechanisms and this would lay the foundation for designing interventions on the direct treatment of sleep problems to avert musculoskeletal outcomes. For example, there may be a place Table 7 -Definitions of exposure and outcome used in the studies.
Author (year)
Exposure Outcome Auvinen et al. (2010) 31 Poor sleep quality: having sleeping problems "sometimes or often" (reference category was "not at all"), Daytime tiredness: being too tired "often" or "sometimes" (reference category was "never")
Any Back pain prevalence and disability of back pain
